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IXTRODUlTIOA 


liitih  precision  in  raJar  detection,  in  ear  t h - sa  t e 1 1 i t e orbit 
determination,  and  in  satellite  navigation  necessitates  tliat  the 
signal  data  uscv.1  ’'c  corrected  for  the  errors  imposed  b\'  the  iono- 
sphere. S' icna  1 - 1 iiae-delays  , or  cqu  i va  lent  1\'  I'anpe  errors,  arc 
always  encountered  in  t rans  ionospher  i c measurements  because  tlie 
e 1 ec  t romapne  t i c nropayation  velocity  in  the  ”'edium  is  slightly 
less  than  the  free-space  velocity.  for  frenuencies  at  Vi!F  and 
above,  an  exc'^ss  time  delay  is  inversely  proportional  to  the 
square  of  the  frequency  and  is  direct  Iv  proportional  to  tiie  inte- 
grated electron  density  alonp  the  propagation  path  ri.e.,  total 
electron  content  ' TIC).  Tb.us  , if  TliC  is  known,  or  is  measured, 
a perfect  correction  to  ranging  can  be  performed.  Tlie  TLC  may 
be  measured  in  real  time,  provided  tlie  user  has  dua  1 - f requency 
capabilities.  Since  th.e  ionosphere  is  a dispersive  medium,  the 
relative  time  delays  (or  phase  differences)  between  the  two  fre- 
quencies may  be  used  to  eliminate  the  error  introduced  b>’  the  TLC. 
liowever,  substantial  simplification  in  user  equipment  could  be 
realised  if  only  one  frequency  were  utilized.  Time  delays  would 
then  be  determined  by  forecasting  techniques  based  on  media  models, 
because  of  the  snatial  and  temporal  variability  of  the  ionospheric 
electron  densit}',  the  time-delay  errors  vary  with  geographic  lo- 
cation, target  (or  source)  altitude,  and  time.  For  improved 
accuracy,  the  forecasting  techniques  should  be  supported  by  peri- 
odic updating  of  data  (preferably  in  real  time)  at  specified 
locations.  The  question  arises  as  to  the  extent  of  the  geographic 
area,  surrounding  a station  having  real-time  TEC-dotermination 
capabilities,  ixithin  which  TEC  values  could  be  interpolated  with 
acceptable  accuracy.  In  otlier  words,  could  TI.C  be  determined  at 
location  if  a real-time  measurement  were  tal;en  at  a different 
location,  B,  and  what  would  be  the  geographic  constraints  on  A 
and  B. 

To  this  end,  an  investigation  designed  to  determine  the  cor- 
relation between  TFC  values  at  Fort  Monmouth,  .1.  (4G.1S°  X, 

"4.06°  IV),  and  at  Richmond,  l-lorida  (25.60^  X,  80.40°  'h)  , was 
undertaken.  Beacon  transmissions  from  the  geostationary  Applica- 
tions Technology  Satellites  ATS-6  ([1]  - [8])  were  used  to  deter- 
mine the  TEC  at  the  two  stations  by  means  of  the  Faraday  rotation 
technique . 


[1]  !l.  Soicher,  "The  ATS-6  Radio  Beacon  Experiment,”  'iature, 
vol . 253,  dan.  24,  1075,  pp.  252-254. 

[2]  K.  Davies,  R.  R.  Fritz,  and  T.  R.  Era}-,  "Measurement  of 
columnar  electron  contents  of  the  ionosphere  and  plasma- 
sphere,"  • leovr-40.  Pea.,  vol.  81,  June  1,  12"6,  p.  16. 

[3]  [!.  Soiclier,  "Ionospheric  and  plasmasphcric  effects  in  satel- 
lite navigation  systems,"  IFFE  Erara.  AKterr-2r  & Frcra- 
paticr , (in  the  press). 


h 


. i';-  • !■ 


o , . ■ : ■ ' • 1 1;:,  1 

• ■ ' >!■(.>:  T ■ 


■ ] ] , j \ V. u:,  pt 


I (i.;  rot ..  ■ - co;; : ■ ■ . : I y : "ly  t'h;  . ' 

: t !.  (. ’t  t 1 ' i s I ; ■■  ■ ; ' ! s o ■ . i ' 1 (i  i . i ■ ■ 

’ i.  I'rti''.  ';  l-y  i i c .y  ■ sr  i ir 


, • . ! -ir  '-;  . 

. i ( ' t r . s 1 t , 

■ i . r i Ml  r,i 
' r ]■•  ; r'  • < 

I L ; i r rc  r :■  s ! : 


'Ms 


CtMcr-  s I ; );;m  , 


vlio.-.'  ];  - y.3o  r If:  j ]'<  i c-  t]:r  loc.'.l  j:'.'‘y.ro.-t  ic- f ; r 2 1!  r 

in  i'r::’r  ;is  (■■■  i , C is  t)'-.  i'ct '..oi-)!  1’]'.  j'nc’if) 

rrMTii.' L ic  j'.ie  'i  '.l  i' ii'oc  t 1 on  , ati  ’ >;  ' t'-'-'  ■)c  t.’.;nen  tV  ■ 

no''io2  :!:v!  t’u:  vcrlric:;],  Sijicc  U ilfciorsr;.  .!3ive7'srTy  v;lr:-.  t;.  ■ 
culic  of  tiii.  y oocntric  cl f ruicc  , O’la  s.inc'c  rhc  cioctro);  uei;:Mr; 
clecTersrs  c-xymmv 2 nl  1 y vitli  rltMoic^e  nl'ovr  ('■  oOo  f"ij  , ;• 

is  l.cavily  on y]'t  nl  cix  t)io  crr'i.  riul  is  i I'orc  fo’ 

-sic’oi'rj  ic'  ]':cvii.!c'  c-I  c c:t. /on  ccoitcnt  ynloos  lor  nifitufcs  brlov 
'7j!'Gu  j.iu , 


The.  lcri:i  = Ik'.or'  st'cy  it:  liq . fl]  i.'.ny  l-,e  taken  rail  of  i,]-n 
i jj  I en.i','' J si!’!i  and  reolacccl  by  its  value  rt  a '’v\ca;r'  i o’.u''S)>!i>  ;lr 
a i t .I  1 ’.idc  (-’rdO  l;ri)  . lynaiiou  (1)  tluni  ber.ocios  : 


1 onosp’iere 


f-  ^ 


\.'l;ci'e  is  the  ic/'-cu'.pj.'cr i c TkC  i]i  ii:casu7'cd.  by  tl.c  rnraJay 

I'c  t ,i’  .1  r-i  t c cl.n  i '"i’o  . 


Yh''  sub  i enoiy.’';-- ■ pcint.'-  fo!'  tl3c  t'.’o  si  at  .ions  f'.c,  t,:. 
.;er  i e ■’e-a.ic.ir  ''..-ro  7,-;y  r a t.  ] ; s io  tlie  .•■'.Yb-b  fl'^e.-'ie. 

;•)  i;y  rr:  -t;  :■  "je,;"  t i t ude’  o T idO  k.:]  \;cy-e  Yb.e'':;,  M 

end  ^ ;;v‘''*y.  't’ni;:  t^b’.  " ut  a;  I , '■ 

i'e  ;■  ! I ■.  t : L a t bve  ' ' :■  ■ s : • t e i by  'v  1 ,i'‘  i n 1 r ; i tv. b;  • d ■ ^ . 

j ;■  ^ ' c 7 . ; i n , 1 o a 2 0 ■ i ii::  i ■ d ■ T i'e  ; cv. e i j ! ( . ; i 

I ' i • 

dr  My  y.  y ' .e  e!  V'l'tlrai  '''i  ( -iSivyd  :y  i.', 

i ( ■ ■ ' • i , • ' . ' 1 . f ; M'  e i ' 1 ' I.' ’ • ; .1  a ' lb  i.  ;■  t ' ■ ; 


TOTAL  I ONOSPHER I C , FARADAY , CONTENT . 


Total  ionospheric  (Faraday)  electron  content  (N^)  at  fort  Monmouth, 

February  1975  (left  ordinate:  1 TEC  unit  = 10  ^ e7/iii^; 
right  ordinate:  time  delay  normalized  to  1.6  OHz). 


riic  equivalent  i onosplie  r i c s i qua  1 - de  1 ay  - 1 it'.es  non.ialir.ed  to  a 
frequency  of  1.0  d!!:  (in  the  satellite  naviyaticn  fre(|uency  haiulj 
are  also  indicated  in  these  figures.  '.'he  i.onr.al  dii.rral  vaiiation 
of  Thd  is  evident,  as  is  its  day-to-day  va  r i ah  i I i t . )n  the 
avera.ye,  tl'.e  fort  'lonnouth  D i!  larie  l f roiii  -d.f.  TJd!  units  (1  TfC 
1 0.  ’’ 

unit  10  C'  ''  prior  to  dauT.,  to  12  TIC  units  in  the  earl\' 

afternoon,  while  tlie  llichmond  ri'C  \'aricd  from  2.3  I'd  units  to 
■V  14.2  Tfd  units  at  similar  times.  ’I’le  da\’-to-day  v a ; al>  i 1 i t \'  of 
TliC,  as  deternined  from  tlie  standard  deviation  of  the  daily  Tidi 
from  t!ie  montlily  mean,  ranged  froi"  .0.55  to  2.~  id  d units  at 
fort  Monmouth,  and  from  0.6  to  '-3.0  4 l.d  units  at  ilich’'’ond.  dijo 
standard  dct'iation  rinimiced  and.  maximized  at  approximately  tlie 
same  tines  ns  t’tc  T!'d. 

In  tl'.e  next  sections,  the  correlation  techniciuc  applied  to 
the  two  sets  of  Tl.C  data  will  be  described.,  and  tlie  results  and 
conclusions  drawn  from  the  correlaticn  analysis  will  ‘^e  presented. 
The  analy.sis  was  performied  for  the  first  five  months  of  1273  fti'c 
satellite  drifted  away  from  th.c  U.‘7.  horizons  in  late  Ma\’  1?"5;, 
and,  for  additional  seasonal  comparison  purposes,  for  the  riontli 
of  Sentenher  12 "4. 

C0RRfLATI->:  ARALYSIS 


The  correlation  analysis  was  done  in  th.e  fcl  lowing  .Tranncr. 
The  TTC  data  for  fort  Monmoutli,  \'.d.,  and  ilichmond,  florida, 
denoted  the  two  correlated  variables.  A least  squares  regression 
line  was  fitted  to  the  two  data  sets  witli  the  time  naraneter 
eliminated  between  them..  The  coefficient  of  correlation,  r,  is 
tie  fined  as; 


where  Y ^ represents  the  value  of  Y fTl.d  at  Fort  Monmouth'  for 
cs  t 

a given  value  of  X fTFC  at  Richmond)  estimated  from  th.e  fitted 
regression  line:  T is  the  moan  of  Y. 

The  correlaticn  coefficient  for  the  data  was  completed  in 
two  ways- -in  '’.nfhZs  ir.tervaZc  and  in  ~ i . For  the 

•.•c;  , a f ul  1 -montli ' s TEC  values  for  Richmond  were  corre- 
lated with  a full-month's  TEC  values  for  fort  Monmouth.  The 
first  calculation  was  performed  for  the  two  sets  with  no  shift 
in  time  fetween  then  (i.e.,  TEC  values  for  a full  month  at  Fort 
Monmouth  were  correlated  with  TEC  values  for  the  same  month  and 
sam.e  time  at  Richmond).  The  next  calculation  was  performed  with 
the  monthly  Richmond  data,  relative  to  the  monthly  fort  'lonmonth 
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Fig.  3.  Variation  of  the  correlation  coefficient  of  the  Fort  ‘-'onnooth, 
and  Richmond,  Florida,  monthly  data  sets  with  respe>-t  to 
15-min'jte  time  shifts  (first  data  point  corresoonds  to  no  s^'ift, 
while  last  data  point  corresponds  to  24-hour  fcr^fard  sh-ift 
between  data  sets) . 
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the  correlation  coefficient,  tlie  ne^ati'.e  niaxiira  of  the  correla- 
tion coefficient,  anJ  the  correspon!  inc  tine  sl.ifts  for  i.hich 
these  vere  attainet'.  Tlicso  tine  shifts  are  plotted  as  daily 
shifts,  since  the  correlation  coefficients  na.xinicc  f j'f)s  i t i ve  1 y 
or  ncyativoly)  at  a,  24-hour  periods.  \lso  irdicateil  arc  the 
tine  shifts  tluit  correspond  witli  ntininun  correlation  ('^'O.Oal). 

for  all  indicated  montlis,  the  positi\'c  rtaxinun  of  the  corre- 
lation coefficient  uas  highest  (%0.P)  for  cor  resiiond  i ng  data  sets 
(i.c.,  no  shift  in  tine).  The  positive  naxinun  of  the  coeffici- 
ent for  succeeding  tine  shifts  declined;  hov.evcr,  not  nonoton  ica  1 1 y. 
The  maxinun  of  the  correlation  coefficient  for  danuary  and  Teb- 
ruary,  in  general,  was  higher  than  tliat  for  the  other  months.  'I  he 
range  of  t!\e  coefficient  for  all  reported  tine  shifts  fexcept 
zero  shifts)  was  between  "v  0 . 7 and  ' 0 . n . T!:e  ranr.e  of  the  cor- 
responding time  shifts  was  96  ± 2 shifts. 

In  general,  for  all  the  indicated  months,  the  negative  naxi- 
num  of  the  correlation  coefficient  was  not  the  higi'.cst  for  tiic 
fewer  number  of  shifts.  The  lowest  values  were  observed  for  Jan- 
uary and  February.  For  corresponding  tine  shifts  during  Sei^tcmber 
Ifd,  the  negative  coefficient  exceeded  the  positive  coefficient 
in  magnitude,  but  during  January  and  February,  the  opposite  was 
true.  During  March,  April  and  May  lO'a,  the  magnitude  of  the 
negative  and  positive  maxima  of  the  coefficients  were  comparable, 
but  their  relative  values  alternated  in  m.agnitudc.  flie  range  of 
the  negative  maxima  of  the  coefficient  for  all  reported  time 
shifts  was  between  -0.6  and  -0.9.  The  range  of  the  correspond- 
ing time  shifts  was  48  i 2 shifts. 

The  minima  of  the  correlation  coefficient  were  readied  at 
tim.e  shifts  which  ranged  between  21  and  2"  and  between  '1  and  "6. 
For  the  former,  a greater  num.ber  of  shifts  was  observed  during 
September,  .April  and  May  than  during  the  other  months. 

The  monthly  variation  of  the  correlation  coefficient  for  the 
Richmond  data  during  September  19"4  correlated  wit!',  itself  is 
shown  in  Fig.  5.  The  magnitude  of  the  correlation  coefficient 
for  the  no-shift  condition,  of  course,  is  +1.0,  since  the  two 
data  sets  are  identical.  The  positive  maxima  of  the  correlation 
coefficient  varied  between  "v  0.7  and  vO.84,  wiiile  the  time 
shifts  for  their  attainment  ranged  at  96  t 2 shifts.  (In  general, 
tliese  positive  maxima  of  the  correlation  coefficient  were  liigher 
in  value  than  the  corresponding  Fort  'lonmouth-Ilichmond  coefficient 
for  the  same  month.)  The  negative  maxima  of  the  correlation 
coefficient  varied  between  -0.68  and  - 0 . 8 , while  the  time  shifts 
for  their  attainment  ranged  betw’een  43  and  4 8 shifts.  (The 
negative  maxima  of  the  correlation  was  always  lower  in  value 
than  the  corresponding  Fort  Monmouth-Richmond  coefficient  for  the 
same  month.)  Time  shifts  for  the  minima  of  the  coefficient 
varied  betiveen  21  and  24  and  between  71  and  "5  shifts. 

The  day-by-day  (daily)  maximum  positive  correlation  coef- 
ficients for  September  1974  and  January,  February,  'larch,  April 
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uf  the  correlation  coefficient  of  the  Richi::onu,  Florida,  data 
set  'vith  itself  with  ■'espect  to  Jailv  time  shifts  between  the 


a;ui  Vav  ir".'  arc  shov.n  in  Fig.  6.  D/Cse  utrc  arrive.!  at  hy  coi;.- 
paring  tlio  For  t "onnoutli  anJ  RichnionJ  Jat  ; rets  Fetwetr.  f’P  and 
254  5 IT  for  each  day  of  tl'.osc  nonths.  The  ilichjr.ond  data  ^a^- 
shifted  with,  respect  to  tiie  Fort  N!oii;.ioat data  at  1 .5 -r.  i :ia  t e u. 
tervais  in  tl.c  forward  ( + ) direction  and  in  the  backward  : 
direction.  Tic  nuinher  of  si'.ifts  for  wh.icii  tlie  coe  t i i e 1 1 1;  t ^ are 
naAimiied  is  also  sliown  i r.  the  figarc,  as  are  th.c  shilt>'  n.ontiily 
averages.  In  addition,  the  number  of  data  pairs  availa'Ie  for 
the  corrcltiticn  analysis  for  each  da\-  (maximum  of  data  jiair-, 
since  the  data  is  available  at  1.5-:ninatc  intervals'  is  al*- 
shown  in  the  figure. 

In  general,  the  correlation  coefficients  rangcu  between  .. 
and  % 1.0  with  relativcl)’  few  falling  below  0.0.  Tlie  lower  val- 
ues of  the  coefficients  did  not  necessarily  coincide  with  th.c 
sparsity  of  the  available  data.  on  the  average,  tie  coefficient 
was  maximum  for  no  shifts  in  September,  for  x 1 si.ifl  in  January, 
and  for  >'-l)  shift  for  the  other  months.  V.’hilc  most  maximum 
coefficients  occurred  for  1-hour  shifting  (i4  f i f teen -m  i nut  e 
shifts),  shifts  of  two  hours  and  more  were  observed  occasionally. 
In  general,  the  maximum  coefficients  of  the  daily  correlations 
were  higlicr  than  the  cor  respond  ing  ma.yima  of  tlic  coefficient  of 
the  montl'.ly  correlations.  This  was  apparently  caused  by  the 
dav-to-day  variations  throughout  the  different  montiis  v.hich 
tended  to  lower  tl.c  correlation  coefficient  as  the  two  vlata  sets 
were  sliiftcd  with  respect  to  each  other. 

The  maximum  correlation  coefficients  for  th.e  daily  Fort 
Monmouth  data  sets  correlated  with  one  specific  day  for  each  of 
the  reported  months  is  shown  in  Fig.  7 (e.g.,  the  daily  data 
sets  for  September  1974  at  Fort  Monmouth  are  correlated  individ- 
ually with  the  daily  data  set  for  September  1,  19'74  at  Fort 
Monmouth).  Also  shown  in  the  figure  are  the  15-minute  time 
shifts  for  which  the  .maximum  correlations  were  attained,  and  tlie 
maxin;.im  data  pairs  available  for  the  correlation  analysis.  The 
maximum  correlation  coefficients  ranged  between  0.85  and  xl.Q, 
with  two  exceptions.  The  deviation  from  the  mean  was  least  in 
Marc]’;  it  was  largest  in  September  and  .April.  On  tlie  average, 
the  time  shifts  for  maximum  correlation  were  <+  2 for  September, 
January  and  April,  0 for  March,  and  >-5  for  February  and  May. 
individual  shifts,  however,  reached  IP.  (The  maximum  corrclaticn 
coefficients  were  comparahle  in  magnitude  to  those  dailv  correla- 
tions between  Fort  Monmout’u  and  Riclunond.) 

The  maximum  correlation  coefficients  for  dailv  Richmond  data 
sets  correlated  with  one  specific  daily  data  set  for  Fort  Mon- 
mouth for  September  19~4  and  January  througl.  April  19~5  are  shown 
in  Fig.  8 le.g.,  the  September  19"4  daily  Riclimond  data  sets  arc 
correlated  individually  with  the  September  1,  19~4,  Fort  Monmouth 
data  set).  Also  shown  in  the  figure  are  the  f if  tccn-.m  inute  tine 
shifts  for  which  the  maximum  coefficients  were  attained.,  and  the 
maximum  available  data  pairs  for  the  corrclaticn  analysis.  The 
maximum  correlation  coefficients  ranged  between  x 0 . ' and  x 1.0 
for  September  1974  and  .January  and  April  1975  , and  between  xO.P 
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i.'ti  uf  t‘.e  i.nA iriui"  coft'el atu-n  cuef f icif.nts  of  flit  Fort  “on,.i  i;.n,  'i.J 
c'M.ofii,  fi.riild,  Jdily  datJ  sets.  "Iso  inaic.itcd  art  t’c  t'  < snifts 

i h fht.sc  e-re  dttairieJ,  Llieir  averaiies  ( ),  and  the  nji'ii  1 1 of  .lata 

li  ,•  ■!  ■; li  f r '■  ar.a lysis. 


.«=> 

CO 


^ .o 


d>  lO  CZ>  iO  O OO  OO 

SIJIHS  iN310Ud30D 

m M3iavno  N0iivi3HH00  wnwixvw 


! 

I 


Fig.  7.  Varistion  of  the  niaxinium  correlation  coefficients  of  the  Fort  fonmouth  daily  d<ita  se^s 
with  respect  to  one  specific  daily  data  set  for  that  location.  >'lso  indicated  are  the 
time  shifts  for  which  these  were  attained,  their  averages  ( — ),  and  tne  nai.iber  of  data 
pairs  used  in  the  analysis. 
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anJ  \ 1.0  for  I'l'hraary  aiul  ''arci),  11'.'.".  'I  !'t  scatter  of  t I'.f  cor- 
relation cueff  1C  ienls  uas  again  lovcrt  in  ''arc!.  anJ  'igJicist  in 
Septonber  an-1  in  April.  'n  t‘-c  av>'rage,  1 1 • ■ ti  :e  si.i:tc  for 
;r.a  X i rii  ir.  coi'iela*.  ion  v.cre  • -J  ior  Se;  tcriler,  (•  ter  ’ai;uar_\  arJ 
'‘arc!',  • * 1 for  i-;u  i ■.  ^ ;ino  -4  for  ''pril.  1 i '/ i Jua  1 sbiftc 

reach  eJ  • 1.'’'. 

b["Pt\RV  .wn  CON’CLUSI^A'S 

The  uata  reporte!  indicate^  li.at  TTC,  Cf;ii  i\’ a 1 en  t 1 y , ionc- 

yhcric  :■  igi.al  t i :1c - dc  1 ay , a r e ii  ig!il\-  cor rcia table  in  tvo  loca- 
tions , separated  by  '^15^  in  latitude  and  in  lengituJe 

f approx  i".'.a  to  1 y fopn  b;a)  . 

Tlic  correlation  analysis  was  pcri'oriuca  for  tv.o  localities 
differing  slightly  in  local  tine  (cr  equ  i v'a  1 en  1 1 y , in  longitude) 
during  the  quiet  phase  of  the  solar  cycle.  Additional  analyses 
should  be  perforned  for  two  stations  nith  a wider  geographic 
separation  in  latitude  and  longitude.  Further,  it  should  be  done 
with  aata  tal.cn  during  periods  of  increasing  solar  acti'city,  when 
ionosi)!ier  i c effects  naxinicc,  to  ascertain  solar  cycle  effects  on 
t'nc  cort-elata!  i 1 ity  of  Tir. 

■'.'her.  the  two  nonthly  data  sets  were  conpared,  a correlaticn 
coefficient  of  -)  O.9  was  obtained  for  identical  tines.  Tine 
shifts  of  one  data  set  with  respect  to  the  ether  of  the  order  of 
''-2  4 hours  yieiu  positive  naxina  of  tl'c  correlation  coefficient 
wh.ich  ''ore  alncst  always  > 0.“.  Sinilarl'-,  tine  shift.s  of  the 
order  of  12  hours  yield  negative  naxina  of  the  correlation 
coefficient  of  *",  ( 1 - C . b | ) , whi  Ic  tine  shift-  of  -(  and  w 18  hours 
yield  ninina  of  the  correlation  coefficient. 

A seasonal  v'ariation  in  the  correiatien  coefficient  was 
discerned.  The  positive  naxina  of  the  coefficient  were  lower 
during  the  equinoctial  periods  and  higher  during  the  winter,  whdlc 
the  negative  naxina  of  the  coefficient  wore  nore  negative  during 
the  equinoctial  periods  th.an  during  the  winter  period.  '.'.’hen  a 
nonthly  uata  set  at  one  location  was  conpared  to  itself  (r  = + 1 
for  the  no  tine-shift  condition),  the  positive  naxina  of  the 
correlation  coefficient  were  always  > 0.2  and  the  negative  naxina 
of  the  correlaticn  coefficient  were  always  ^('-0.66  ) for  tine 
shifts  of  "V  24  hours  and  “ 12  iiours,  r c sp.  ec  t ive  1 y . Minina  of  the 
correlation  coefficient  were  attained  for  tine  shifts  of  u b and 
''o  18  hours.  The  positive  maxima  of  the  correlation  coefficient 
at  one  location  was  higher  than  the  corresponding  two- locat  icn 
cocfficici.t  obtained  for  the  sane  tine  period,  while  the  negative 
cf  the  naxina  correlation  coefficient  was  less  ncg.ativc  than  the 
corresponding  two-location  coefficient. 

It  follows  that  the  continuous  Tlif  data  at  one  cf  the  locales 
nay  he  used,  to  forecast  a continuous  data  set  at  the  ether  locale 
(provided  some  corresponding  data  is  available  at  the  ether 
locale)  so  that  the  two  data  sets  will  be  correlated  witb.  a 
coefficient  of  > 0.". 


